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Description 

[HIGH DENSITY SEMICONDUCTOR 

PAC KAG E] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 91125100, filed October 25, 2002. 
Background of Invention 

[0002] Field of the Invention 

[0003] The invention relates to a high density semiconductor 

package, and more particularly to a thin high-density 
semiconductor package. 

[0004] Description of the Related Art 

[0005] Semiconductor package is essential for connecting chips 
with an external circuit board such as a printed circuit 
board (PCB). To connect a chip and a package substrate, 
wires or bumps are usually used as connection media. Flip 
Chip Interconnection Technology is utilized to form 
bumps in an array on bonding pads of a chip and after the 



chip being flipped, the chip can be electrically connected 
to the package substrate. The chip is electrically con- 
nected with external signal terminals through the internal 
circuits and connection pads of the substrate. The struc- 
ture of packages has become increasingly versatile with 
increasing package density of chips. The chip package us- 
ing the Flip Chip Interconnection Technology described 
above has several advantages including reductions in 
package area and signal transmission pathways. There- 
fore, the Flip Chip InterconnectionTechnology has been 
widely used in the industry of chip package. A Multi-Chip 
Module, for example, is a package structure in which sev- 
eral package modules of Chip Scale Package (CSP) are 
mounted on a single substrate by using the Flip Chip In- 
terconnection Technology. The package modules are elec- 
trically connected with each other through the substrate. 
[0006] Several dynamic random access memories (DRAMs) and 
one Central Process Unit (CPU), for example, can be pack- 
aged on a single substrate in a MCM type, which is capa- 
ble of increasing package density, save space, as well as 
reduce the signal delay between the package modules. 
Consequently, high-speed data processing can be 
achieved by the MCM package, which is widely used in 



communication and portable electronic products. 
[0007] FIGS. 1A and IB are schematic cross-sectional and top 
views of a conventional package structure with multiple 
package modules disposed on a motherboard 10. Refer- 
ring to FIGS. 1A and IB, the package structure includes a 
substrate 100, a first package module 110, and four sec- 
ond package modules 112. The two surfaces 102 and 104 
of the substrate 100 are respectively provided with a plu- 
rality of connection pads (not shown) as input/output me- 
dia for the internal circuits in the substrate 100. The first 
package module 110, for example, comprised of a CPU, is 
provided in the central area of the lower surface 102 of 
the substrate 100, and the second package modules 112, 
for example, comprised of four DRAMs, are located on the 
four corners of the upper surface 104 of the substrate 
100. In addition, the first package module 110 and the 
second package modules 112 are electrically connected 
with the substrate 100 by using the bumps 106. An un- 
derfill 108 is dispensed between the package modules 
110,112 and the substrate 100 and surrounding the 
bumps 106 to buffer stress resulting from the different 
coefficients of thermal expansion between the package 
modules 110,112 and the substrate 100. For example, if 



the stress occurs, cracks can be generated in the bumps 
106, and thereby adversely affecting the quality of the 
signal transmissions between the package modules 
110,112 and the substrate 100. 
[0008] Further, as shown in FIGS. 1A and IB, the total thickness 

D of the package structure is the sum of the thickness of 
the substrate 100, the first package module 110 and the 
second package module 112, which is relatively large, and 
therefore do not conform to the trend of lightness, thin- 
ness, shortness, and smallness. Moreover, when the chip 
inside the first package module 110 is operated in high 
frequency, a large amount of heat will be generated, lead- 
ing to a drastic increase in the temperature of the chip. It 
is noted that, once the temperature rises above the nor- 
mal operating temperature range, the internal circuits of 
the chip will behave erroneously or malfunction temporar- 
ily. Moreover, the first package module 110, a CPU, for 
example, is disposed on the lower surface 102 of the sub- 
strate 100, making it impossible to install heat sink mem- 
ber on the CPU. Even if the heat of the CPU can be dissi- 
pated through the motherboard 10, it cannot be dissi- 
pated effectively. 
Summary of Invention 



[0009] Accordingly, one object of the present invention is to pro- 
vide a high density semiconductor package in which a 
plurality of package modules are disposed on the same 
surface of the substrate so that the thickness of the pack- 
age structure can be significantly reduced, and thereby 
conforming the trend of lightness, thinness, flatness, 
shortness, and smallness. 

[0010] Another object of the present invention is to provide a 

high density semiconductor package in which a heat sink 
member can be disposed on the package module to en- 
hance the dissipation of the heat generated by the chip in 
the package module. 

[0011] | n accordance with the above objects, as broadly embod- 
ied and described herein, a high density semiconductor 
package is provided. The high density semiconductor 
package of the present invention comprises a substrate, a 
first package module, and a plurality of second package 
modules. The substrate has a surface on which the first 
package module and the second package modules are 
mounted, wherein the second package modules surround 
the first package module. 

[0012] According to one preferred embodiment of the present 

invention, the first package module and the second pack- 



age modules are comprised of chip size packages, each 
chip size package include a chip and a plurality of bumps, 
wherein the bumps are provided between the chips and 
the substrate to electrically connect the chips to the sub- 
strate. Further, an underfill is provided between the first 
and the second package modules to cover the bumps. 
[0013] B 0 th the foregoing general description and the following 
detailed description are exemplary and explanatory only 
and are not restrictive of the invention, as claimed. It is to 
be understood that both the foregoing general description 
and the following detailed description are exemplary, and 
are intended to provide further explanation of the inven- 
tion as claimed. 
Brief Description of Drawings 

[0014] jhe accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0015] FIGS. 1A and IB are schematic cross-sectional and top 
views showing a traditional package structure with multi 
package modules disposed on a motherboard. 



[0016] FIG. 2A is a schematic top view of a high density semicon- 
ductor package disposed on a mother board according to 
a preferred embodiment of the present invention. 

[0017] FIG. 2B is a schematic cross-sectional view taken along 

line A-A of FIG. 2A. 

[0018] FIG. 3 is a schematic top view of an arrangement of a plu- 
rality of package modules according to another preferred 

embodiment of the present invention. 
Detailed Description 

[0019] Referring to FIGS. 2A and 2B, FIG. 2A is a schematic top 
view of a high density semiconductor package disposed 
on a mother board according to a preferred embodiment 
of the prevention; and FIG. 2B is a schematic cross- 
sectional view taken along line A-A of the high density 
semiconductor package structure in FIG. 2A. A substrate 
200 has an upper surface 202 on which a plurality of con- 
nection pads (not shown) are provided as input/output 
media for the internal circuits of the substrate 200. More- 
over, a first package module 210 and four second pack- 
age modules 212 are disposed on the upper surface 202 
of the substrate 200. It is to be noted that the first pack- 
age module 210 and the four second package modules 
212 are disposed on the same surface of the substrate 



200. Consequently, the total thickness of the high density 
semiconductor package, d, can be greatly reduced. In ad- 
dition, the first package module 210, a CPU, for example, 
is disposed on the central area of the upper surface 202 
of the substrate 200 and remain exposed until the encap- 
sulation step. Consequently, this arrangement allows dis- 
posing a heat sink member 220 on the first package mod- 
ule 210 so that the heat generated by the first package 
module 210 can be effectively dissipated through the heat 
sink member 220. Alternatively, a heat-dissipating mate- 
rial can be disposed on the first package module 210, and 
thereby the cooling rate of the chip can be enhanced. 
Moreover, the four second package modules 212, DRAMs, 
for example, are disposed on the four corner portions on 
the upper surface 202 of the substrate 200 surrounding 
the first package module 210. Consequently, the distance 
between the second package modules 212 and the first 
package module 210 is significantly reduced, thereby 
shortening the signal transmission pathways between the 
two modules. 

[0020] Furthermore, each of the package modules 210 and 212 is 
a Chip Scale Packages (CSPs) type, for example, composed 
of a chip 207 and a plurality of bumps 206. The chips 207 



are electrically connected with the substrate 200 by using 
the bumps 206. An underfill 208 can be dispensed using 
an adhesive dispenser into the gap between the chip 207 
and the substrate 200 to envelop the bumps 206. 
[0021] a s shown in FIG. 2A, the first package module 210 and 
the four second package modules 212 are Chip Scale 
Packges (CSPs) are suitable for the substrate with a small 
area and a limited space (for thickness in particular). It is 
noted that, if the first package module 210 is arranged 
substantially orthogonal to second package modules 212, 
then relatively a larger surface area is required to accom- 
modate the second package modules 212 surrounding the 
first package module 210. For instance, if the surface area 
of the substrate 200 is limited for confining the first and 
the second package modules, and if the first package 
module 210 is arranged substantially orthogonal to the 
second package modules 212 (as shown in dashed lines in 
FIG. 2A), then the corner of the first package module 210 
will overlap with the corner 212a of the second package 
modules 212. Accordingly, it is preferable to arrange the 
second package modules 212 surrounding the first pack- 
age module 210 in a manner that a corner of each second 
package module 212 face a side of the first package mod- 



ule 210 so that relatively larger gap width, preferably at 
least 2.0 mm or more than 2.0 mm, between the first 
package module 210 and the second package modules 
212 as shown by reference "S" in FIG. 2B can be main- 
tained allowing reliable filling of the underfill material 
therein. 

[0022] Referring to FIG. 3, a schematic top view showing an ar- 
rangement of a plurality of package modules according to 
another preferred embodiment of the present invention. 
Although the surface area of the substrate 200 is large 
enough to accommodate the first and second package 
modules 210, 212 with the first package module 210 be- 
ing arranged substantially orthogonal to second package 
modules without overlapping the corners thereof, how- 
ever, there will be a very narrow gap between the corners 
of the first package module 210 the corner 212a of the 
second package modules 212, which is less than 2 mm. 
Thus, it would be very difficult to reliably apply the under- 
fill therein. However, it is to be noted that if the gap be- 
tween the corners of the first package module 210 and 
the corner 212a of the second package modules is large 
enough, preferably at least 2.0 mm or larger than 2.0 mm, 
is required to reliably apply the underfill material, then 



this arrangement can also be used to practice the present 
invention. 

[0023] Accordingly, the present invention provides an arrange- 
ment including five (5) chip size package modules on the 
same surface of the package substrate to make the high- 
density package having the desirable features of enhanced 
heat dissipation and at the same time being light, thin, 
flat, short and small. 

[0024] Although the preferred embodiment of the present is de- 
scribed using a first package module and four second 
package modules for constructing the high density semi- 
conductor package as an example, however, the present 
invention is not restricted to only four second package 
modules, instead one, two, three or more than four sec- 
ond package modules can also be arranged on the same 
surface of the high density semiconductor package to 
practice the teachings of the present invention. 

[0025] jhe high density semiconductor package of the present 

invention has at least the following advantages. 

[0026] a plurality of package modules are disposed on the same 
surface of the substrate, and therefore the thickness of 
the high density semiconductor package can be signifi- 
cantly reduced conforming the present trend of lightness, 



thinness, shortness, and smallness. 

[0027] The arrangement of a plurality of package modules on the 
same surface of the package substrate renders the top 
surfaces of the package modules exposed unlike in the 
conventional MCM where a CPU is attached to the bottom 
surface, and therefore this arrangement allows mounting 
of a heat sink member on any of the package modules. 
For example, a heat sink member may be conveniently 
mounted onto a CPU package module to enhance the heat 
dissipation thereof. 

[0028] a plurality of package modules can be arranged on the 

same surface of the package substrate in various arrange- 
ment so long as the gap width between the adjacent 
packages modules is wide enough to reliably apply the 
underfill material. Thus, the high-density package struc- 
ture so formed will have the features of being high- 
density, thin, flat, short and small. 

[0029] it w j|| be apparent to those skilled in the art that various 

modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 



scope of the following claims and their equivalents. 



